Introduction
SCOTT, H. and HUMPHREY, G. C. (4 ) concluded that there is no particular change upon the milk production though ultra-violet ray irradiating upon the body of a cow, and further HART, E. B. and his coworkers (4) MATTICK, A. 1'. R. and WRIGHT, N. C. (2 ) reported that there was no change of CaO and P~05 in the milk secreted by an irradiated cow.
On the contrary BARTLETT, J. W.( 1 ) says that CaO in the milk afforded by the cow irradiated upon one hour per day increased a little but that P~05 in the milk was unchanged.
Next, what relation exists between the milk afforded by the irradiated cow and the supply of vitamin? VOLTZ, W. KIRSCH, W. and FALKENHEIM, Cy9) CHICK, H. and ROSCOE, M. HY) STEENBOCK, H. HART, E. B. HOPPERT, and BLACK,C1S) and LUCK/ ll ) proved that there was a great increase of vitamin D in the milk secreted by the irradiated cow. Also HART, E. B. STEENBOCK, H. SCOTT, H. and HUMPHREY, G. C. ( 4 ) showed that the milking cow obtains the antirachitic vitamin from her. food but that human, goat, chicken and perhaps mouse can get vitamin D directly from the short length waves of sunlight. Further HART, E. B. and his coworkers (5) reported that sunlight has little effect to offset the defect of food in maintaining the calcium balance in a cow.
But HENDERSON, J. M. (7) by his experiment using a milking goat, concluded that ultra-violet ray has the power to change calcium negative balance into positive but that there is no change in the milk production.
[Jour. Facul. Agr., Hokkaido Imp. Univ., Sapporo, Vol. XXIV, Pt. 2, Dec. 1928.J ORR, J. B. and his coworkers (13 ) examined the calcium balance by using the irradiated milking goat. They reported that the calcium balance becomes positive by the irradiation and that it is the result of an increased resorption of calcium into the intestines rather than the decreased excretion from the intestines.
HART, E. B. and his coworkers (6 ) also obtained just the same result. SALMON, W. D.cIS) experimented with the calcium balance by using the milking goat giving cereal and wheat straw as the food. When the goat was irradiated the calcium balance became positive. LUCE, E. M.cIO) proved that the milk afforded by the pasturing cow contained more antirachitic property as compared with the nonpasturing cow, and stilI further he proved that the milking cow needs the sunlight considered from the above standpoint.
GOLDBLATT, H. and his coworkers (3 ) reported that when the ultraviolet ray irradiates on the animal's food, especially in case of mouse it has the effect to increase its growth, and STEENBOCK, H. and his coworkers (16) concluded that the irradiated food not only increased the growth of mouse but also increased the bone calcifying property. STEENBOCK, H. and his coworkers (17) proved that the antirachitic property increases by the irradiation with ultra-violet ray and that the demand for the antirachitic matter of the chicken and milking goat is much greater than that of the mouse.
As shown above there have been many investigations about the irradiation of ultra-violet ray upon an animal's body and its food, but up to the present time we did not find a distinct determination about the milking cow, so we propose to investigate this problem by dividing it into three parts as follows:
I. Influence of ultra-violet ray upon the milk production of cow whose udder was irradiated.
II. Influence of ultra-violet ray upon the milk production of cow whose food was irradiated.
III. To discover the quantities of CaO and P20S in the milk afforded by the cow whose udder was irradiated.
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I. Experimental method
Feeding standard we used here is that of KELLNER'S starch value. We divide it into two parts for convenience, first the maintenance food which is needed to maintain 1000 lbs. of live weight of cow secreting IO Ibs. of milk, second the food necessary for the milk production in addition to the 10 lbs_ of milk produced each day. According to KELLNER, 0_ the cow of IOOO lbs. of live weight secreting 10 Ibs. of milk needs I. IS Ibs. of digestible pure protein and 8.05 lbs_ of starch value, and still further she needs 0.6 lbs. of digestible pure protein and 2-4 lbs. of starch value for producing IO lbs. of milk only. Therefore we prepared the rations which we used for experiment, calculated accurately to satisfy this feeding standard.
We divided the total experimental periods into three, each period consisting of IS days: 6 days for the preparation, 9 days for the main experiment. There were three cows for the experimental use, two of them irradiated by using a quartz mercury vapor lamp (Hanovia) upon their udders, while the other one was not treated serving the purpose of a control animal. Presumably this control cow was convenient for noting what will happen upon the milk production by change of temperature and other conditions during all the experimental periods. Two cows were irradiated on their udders during only the second period. After these cows were led into a dark room and while standing quietly, the ultra-violet ray from a quartz mercury vapor lamp was irradiated upon the hind and the two sides of their udders each 30 minutes per day keeping at the distance of 25 em. from the source of the ultra-violet ray.
After calculating the assumed second experimental result obtained from the averages of the first and third experimental results we compared this assumed one with the true experimental result. And still further by comparing the true experimental results of the irradiated cows with those of the control cow, we endeavoured to observe in more detail the influence of the uItra-violet rayon the milk production of these cows.
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The live weights of the experimental cows were obtained by weighing on the settled large balance and the weight of milk by weighing on the milk spring balance scale. The fat percentage of the milk was determined by using the method of BABCOCK'S fat test.
These experiments began the 19th of Jan. and ended the 3rd of Mar. 1928. During all this experimental time these cows were fed in . the same barn, therefore we can say that there were not any changes of the temperature and influences of sunlight and food.
II. Cows for experimental use
All of these cows which we used for the experiments belonged to the pure Ayrshire breed and their gestation periods, the· secreting milk weight and the live weights were almost the same. We took especial care of the conditions of health, appetite, and the milk secretion of the animals. One week before the beginning of the experiments all the cows were habituated to the food used during the experimental periods.
After we knew the milk secreting ability of the cows by giving enough of these foods, the authors determined the ration by means of KELLNER'S feeding standard. During all of the experimental periods the cows were under the same feeding and management, and the milking was done by the same cowboy.
N ow let us show some of the important history of these cows.
( 
III. Feeding and management
The amount of food necessary to maintain at 900 Ibs. the cow while producing 10 lbs. of milk per day was as follows: The cows which were irradiated with the ultra-violet Ray were No. 97 and No. II I cows, the former cow was irradiated from 9: 30 to I I: 00 o'clock every morning during the second period and the latter cow was irradiated from 2: 00 to 3: 30 o'clock every afternoon.
The milking was done two times every day at 7 o'clock in the morning and at 4 o'clock in the afternoon.
IV. Experimental results
The experimental results of each cow which we obtained through all the experimental periods are as shown in the following table. Further let us show these experimental results as curves in order to understand them more easily by Figs. 1, 2 and 3 .
And stilI further we will show the experimental results which we obtained each day through all the experimental periods by diagrams at the end of this thesis.
v. Discussion
Now let us observe what results appeared upon the milk production from irradiating on cow's udder by noting the experimental results shown above.
During the first main experimental period cow No. 97 produced 156.4 lbs. of milk and 6-49 lbs. of butter fat, during the second 162.1 lbs. of milk 6.86 lbs. of butter fat and during the third 149.3 lbs. of milk and 6.09 lbs. of butter fat.
By observing above experimental results of cow No. 97 we recognize that the second experimental result is better than the first and third experimental results. If we assume that this cow was not irradiated in the second period we can calculate this assumed result of the second period by dividing by two the total sum of the first and third experimental results. This will show 152.9 lbs. of milk and 6.29 lbs. of butter fat. When we compare this result with the true second experimental one the latter will show an increase of 9.2 lbs. Further we can say that the assumed numbers of cow No. 114 were just the same as the true experimental numbers, and still further there was shown a tendency to decrease her milk production as her lactation period come to an end. The live weight of this cow did not change through all the experimental periods. 
VI. Conclusion

I.
When the ultra-violet ray irradiates upon the cow's udder her movements become very quiet and though the cover of the quartz mercury vapor lamp is brought close to her body she does not shun it rather she seems to be more comfortable and to ruminate slowly on account of its approach.
2. When the ultra-violet ray irradiates upon the cow's udder at the distance of 25 cm. from the source of light from the back and both sides of her udder each 30 minutes per day, there are favorable influences upon the milk production. namely: it shows an increase of 4.77% of milk and 8.73 % of butter fat and also that it is favorable to increase her body weight.
3. VOLTZ, W. KIRSCH, W. and FALKENHEIM, C. ( 19 ) and many other investigators proved that the milk afforded by the cow irradiated with the quartz mercury vapor lamp contains more antirachitic property. From the above standpoint we recognize that the irradiation upon the cow's udder is significant in improving the quality of the milk.
Experiment II.
INFLUENCE OF ULTRA-VIOLET RAY UPON THE MILK PRODUCTION OF COW WHOSE FOOD WAS IRRADIATED
I. Experimental method
The experimental method which was used in this experiment is almost identical with the former one. But in this case the ultra-violet ray was irradiated on the cow's food instead of upon her udder, therefore there are some differences from the former experiment. The cows used here are the same ones used in the former experiment, and moreover the experimental results of the fonner third period are adapted to those of the first experimental period of this experiment.
In the second experimental period the ultra-violet ray was irradiated on the food which was given to cows No. I I I and No. I '4. In the third experimental period the concentrated food and corn silage of the cow No. 97 was irradiated by the quartz mercury vapor lamp.
Thus, the assumed second experimental result for two cows No.
I II and No. II4 will be obtained by dividing the sum of the first and third experimental results. And by comparing this result with the true second experimental one we can recognize what influences appeared upon the milk production by the irradiation upon the cow's food. On the other hand, cow No. 97 served as a control animal for the irradiated cows during the first and second experimental period, but in the third experimental period the ultra-violet ray was irradiated on her food, so the assumed third experimental result will be obtained by calculating from the first and second experimental results, also by comparing this result with the third true experimental one of this cow we can see the influence of ultra-violet ray upon the milk production of this cow. Ultra-violet ray was irradiated upon the cow's food keeping at the distance of 60 cm. from the source of the light one and half hours per day. During the period of irradiation the contents of the food were stirred two times in order that they might receive the ray universally 'into the food.
Total experimental period was forty-five days fi-om 18th of Feb. to 2nd of Apr. I928.
The feeding and management of these cows were just the same as in the former experiment.
II. Experimental results
The experimental results of each cow which were obtained through all the experimental periods are as shown in the following table.
( ---------------- Further let us show these experimental results as curves in order to understand them more easily in Figs. I, 2 and 3.
And still further the authors will show the experimental results obtained each day through all the experimental periods in diagrams at the end of this thesis.
III. Discussion
Now let us observe what results appeared in the milk production of a cow by the irradiation on her food by noting the experimental results which are shown in table 5. We found that cow No. III produced 116.9 lbs. of milk and 4.89 lbs. of butter fat during the first main experimental period of 9 days, but by the irradiating on her food in the second experimental period she produced 115.1 lbs. of milk: and 4.87 Ibs. of butter fat, and in the third experimental period during which her food was not treated, she produced 107. By observing above table, the milk production of the second true experimental period shows a little decrease as compared with that of the first experimental one, but the fat production of the second experimental period is a little more than that of the first. Therefore there is an increase of 3.2 lbs. (2.92%) of milk and 0.2 lbs. (4.24%) of butter fat in the second true main experimental period as compared with the assumed second period on account of the irradiation on the concentrated food.
On the contrary, in case of cow No. 97 the ultra-violet ray was not irradiated on her food in the first and second experimental periods and while during the second the milk production was decreased normally as compared with that of the first, yet on account of the irradiation on her concentrated food and corn silage during the third there was an increaseof29.01bs.(28·4%)ofmilkando·74Ibs. (15·9%) of butter fat during the 9 days of the main experimental period. Also the body weight of each experimental cow gradually increased a little, but the authors can not recognize that this fact was due to the irradiation on their food, but rather to their pregnancy. Thus clearly we have proved that the irradiation of the ultra-violet rayon cow's food is effective in increasing her milk production.
IV. Conclusion
I.
When ultra-violet ray was irradiated upon the cow's food keeping at the distance of 60 cm. from the source of light for one and half hours per day while the contents of food were stirred up two times every 30 minutes, there was an increase of 2.92 % of the total milk weight and 4.24% of the total butter fat weight in the average of the two cows.
2. The irradiation of ultra-violet ray not only on the concentrated food but also on corn silage was very effective in increasing the milk production of a cow.
And though it was an experiment upon only one cow there was an increases of 28.4% of milk and 15.9% of butter fat. 
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I. Experimental method
In this experiment we used the milk which was investigated in regard to the influence of ultra-violet ray upon the milk production of cows when they were irradiated on their udders.
The milk samples of the first and last days of each main experimental period in the case of Experiment I. were taken for analysing their salt constituents. And we calculated the average experimental results of both days of each experimental period of every cow.
Then the assumed result of the second experimental period when cows were not treated by the ultra-violet ray will be obtained by dividing the sum of the first and third main experimental results by two, and by comparing these results with the true experimental results of the second period, we can recognize what changes appeared upon the constituents of the milk salts, especially CaO and P205 on account of the irradiation upon the cow's udder.
The chemical analysis of the milk salts in this experiment was carefully carried on by using the analytical method of HENRY DROOP RICHMONnC 
II. Experimental results
The analytical results of the salt constituents in the milk of every cow in each period are as follows: >< v ftla. ( 
... S'
(1) ~ .... According to the experiments(7) (13) (6) (11) made upon the milking goat, CaO and P Z 0 5 in the milk salts show an increase on account of the irradiation by the ultra-violet ray upon her body. But in the milking cow the authors can not acknowledge any significant changes upon the constituents of CaO and P Z 0 5 in the milk salts at the irradiation upon her udder.
IV. Conclusion
The constituents of CaO and P 20 5 in the milk of cows are scarcely changed by the irradiation upon their udders each 30 minutes per day keeping at the distance of 25 cm. from the source of ultra-violet ray from the hind and both sides of their udders. 
